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157) ABSTRACT

A miniature reduction gear includes a sun gear, a fixed
inner gear and a movable 1mnner gear and at least one
planetary gear. The planetary gear is formed of three
stages of outer teeth. Each outer tooth stage separately
engages one of a sun gear, fixed inner gear and movable
inner gear. The sun gear provides an input to the minia-
ture reduction gear and the movable inner gear pro-
vides an output. The number of teeth of the planetary
gear which engage with the sun gear is greater than the
number of teeth which engage with either of the fixed
inner gear or movable inner gear.

15 Claims, 5 Drawing Sheets
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1
MINIATURE REDUCTION GEAR

BACKGROUND OF THE INVENTION

The present invention relates to a reduction gear
directly joined to a motor, and more particularly is one
that relates to the reduction mechanism of a miniature
reduction gear of 50 mm maximum diameter that is
directly joined to a miniature motor.

FIG. 8 shows an example of a prior miniature reduc-
tion gear of this type that uses planetary gears.

In FI1G. 8, motor shaft gear 103 is wedged into motor
shaft 102 that 1s in the center of miniature motor 101.
Lower case 104 is installed by screw fastening to minia- ;5
ture motor 101 with motor shaft 102 as the central axis.
Inner teeth 105 are attached to lower case 104, and
there are 2 to 4 planetary gears 106 between them and
motor shaft gear 103. Motor shaft gear 103 engages on
the inside of plural planetary gears 106, and inner teeth 20
105 engage on the outside. The centers of plural plane-
tary gears 106 are connected by holder main body 107,
and output shaft gear 109 is in the center of holder main
body 107. Intermediate cradle 108 1s connected to lower

10

case 104, and serves as the bearing for output shaft gear 25

part 109. Qutput shaft gear 109 engages with planetary
gears 106, and planetary gears 106 engage with inner
teeth 105. In this manner, the gear that is in the center
serves as the motive power, and when we take up to
when it rotates holder main body 107 by means of plan- 30
etary gears 106 as one set, the mechanism repeats the set
in any number of stages when the reduction ratio is
large. In the final stage of repeating this set, output shaft
110 1s 1n the rotational center of holder main body 107.

Also as shown in FIG. 9, prior miniature reduction
gears having a sliding function or a one-way clutch
function furnish a sliding mechanism or one-way clutch
mechanism on output shaft 110 of miniature reduction
gear 121, and transmission is done by transmission gear
123 which 1s on the said sliding mechanism or one-way
clutch mechanism 122.

With such miniature reduction gears using planetary
gear mechanisms following the prior constructions
shown in FIG. 8 and FIG. 9, the reduction proceeded
with holder main body 107 from motor shaft gear 103

via planetary gears 106, but one group of reduction
ratios from motor shaft gear 103 to holder main body
107 was small, so 1t was necessary to have many groups
of gears in order to obtain a larger reduction ratio. s,
Because of this, there were problems of cost increases,
noise and backlash. |

The present invention is one that resolves such prior
problems, and its object lies in offering a minmature
reduction gear of high transmission efficiency having a 55
miniaturized weight mechanism that takes a sun gear as
input and a movable mnner gear as output.

SUMMARY OF THE INVENTION

A miniature reduction gear includes a sun gear, a 0
fixed inner gear, a movable inner gear and at least one
planetary gear. The planetary gear is formed with three
stages of outer teeth that act separately to engage with
the sun gear, fixed inner gear and movable inner gear
respectively in a reduction mechanism. The sun gear 65
provides an input and the movable inner gear provides
an output. The number of planetary gear teeth which
engage with the sun gear is greater than the number of
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teeth which engage with either the fixed inner gear or
the movable inner gear.

The planetary gear mechanism of miniature reduc-
tion gear of the present invention is supported within a
housing and has a sliding function or one-way clutch
function, the invention is characterized in having the
sliding mechanism or one-way clutch mechanism be-
tween the fixed inner gear and the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing an example of the
present invention.

FIG. 2 is a plan view showing an example of the
present invention.

FIG. 3 is a sectional view showing an example of a
planetary gear used in the miniature reduction gear of
the present invention.

FIG. 4 is a sectional view showing an example of an
output shaft embodied in a movable internal gear used
in the miniature reduction gear of the present invention.

FIG. § is a sectional view showing another example
of the present invention.

FIGS. 6(a), 6(b) are representational drawings of a
sliding mechanism used in the other example of the
present invention.

FIGS. 7(a), 7(b) are a representational drawings of a
one-way clutch used in the other example of the present
invention.

FIG. 8 is a sectional view showing a prior structure.

FIG. 9 1s a drawing that shows another prior struc-
ture.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention will next be explained with reference
to the attached drawings, in order to describe it in fur-
ther detail. FIG. 1 shows an example of the present
invention, wherein motor boss 2 and motor shaft 3 are
present on the central axis of mimature motor 1, and sun
gear 4 is wedged into motor shaft 3. Also present as
parts whose central axes are the same as the central axis
of motor shaft 3 are sun gear 4, lower case 6, fixed inner
gear 10, holder main body 16, holder cap 20, movable
inner gear 21 and upper case 26. L.ower case 6 is posi-
tioned by motor boss 2 and fastened by attachment
screw 9. Fixed inner gear 10 is attached to lower case 6
by rotation stop shaped part 8. The rotation stop shape
may be a tooth shape or any unevenness furnished re-
spectively in lower case 6 and fixed inner gear 10. Al-
though lower case 6 and fixed inner gear 10 may be in
one body, for more miniaturization they should be sepa-
rate bodies because attachment screw 9 and the tooth
shapes of fixed inner gear 10 get in the way and become
problems during assembly.

Two to four planetary gears 12 are arranged in point
symmetry with solar gear 4 and engage with it, and also
engage with fixed inner gear 10 and movable inner gear
21. The center shafts of planetary gears 12 are retained
by holder main body 16 and holder caps 20 so that they
are retained constantly parallel with the central shaft of
solar gear 4. The shafts on the top and bottom of the
planetary gears are both supported on their ends in the
shaft bearings of holder main body 16 and holder caps
20. Holder main body 16 is composed of planetary gear
support stands 17 as bearing for one of the ends of plan-
etary gears 12, support column 18 that remains holder
caps 20, and guide shaft 19 that fixes holder caps 20 in
position. Planetary gears 12 are assembled in holder
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main body 16, and the unit fixed by holder caps 20

becomes the planetary gear unit. The planetary gear
unit 1s supported at both ends, the upper end by holder
cap receiver 24 and the lower end by holder support
stand 7, and rotates around the central shaft of sun gear
4. Further, when the planetary unit 1s a structure that
supports planetary gears, errors in assembly can be
eliminated by adopting a construction wherein one shaft
of a planetary gear 12 is a tenon and the other a hole. Or

when 1t is formed as one body from plastic, holes can

serve for closing in order to obtain high accuracy, with-
out any restriction imposed by the present example.

Planetary gear 12 is cross-shaped 1n section as shown
in F1G. 3 and has tooth shape forming arms 30 and a
central shaft part with tenon 31. This central shaft fur-
nishes blind closed hole 32 in the axial longitudinal
direction and has tooth form part 14 engaging with the
fixed inner gear and tooth form part 15 engaging with
movable inner gear 21 on its two end portions. Tooth
forms 13 that engage with solar gear 4 are on both
surfaces of tooth form forming arms 30.

The tooth shaped parts of planetary gear 12 are com-
prised of tooth form part 13 of the planetary gear, tooth
form part 14 of the planetary gear and tooth form part
15 of the planetary gear. Planetary gear tooth part 13
engages with tooth part § of sun gear 4, planetary gear
tooth part 14 engages with tooth part 11 of fixed inner
gear 10, and planetary gear tooth part 15 engages with
tooth part 22 of movable gear 21. There are no fixed
rules for the shapes of the planetary gears or the posi-
tional relations among planetary gear tooth shape 13,
planetary gear tooth part 14 and planetary gear tooth
part 15. However, when planetary gear tooth part 13
that engages in tooth part § of sun gear 4 is between
planetary gear tooth part 14 and planetary gear tooth
part 15 as shown in FIG. 3, assembly is better and there
is better use of space because the diameter of planetary
gear tooth part 13 is larger than the others. Also, when
using plastic to form planetary gear 12, higher precision
is obtained by making one of the central shafts tenon 31
and the other hole 32, and also by furnishing closed hole
33 in the deeper part of hole 32. Further, when the
thickness of planetary gear tooth part 13, the diameters
of hole 32 and closing 33 and the depth of hole 32 and
closing 33 are set so that the thicknesses are uniform in
the range of 0.5 mm to 2 mm, still higher accuracy will
be obtained as well as higher efficiency and lower noise.

Movable inner gear 21 1s constructed of movable
inner gear tooth part 22, output shaft 23 in the center
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and peripheral part 25 on its outside. The upper end of 50

output shaft 23 1s supported by upper case 26 and the
lower end of peripheral part 25 1s supported by lower
case 6, and it rotates around the central shaft of solar
gear 4. Upper case 26 has hook 27, it 1s hook-fastened to
lower case 6 with this hook 27. Because 1t also does
service as the shaft bearing of output shaft 23, 1t 1s
formed as one body of plastic having sliding properties,
and plays the role of a housing for the entire miniature
reducing gear. The method of attaching upper case 26
and lower case 6 may be any kind of screw fastening in
addition to the hook described, but by following the
present example the space required to attach upper case
26 and lower case 6 is minimized to obtain a more minia-
turized reducing gear.

FIG. 4 shows movable inner gear 21. Movable inner
gear 21 has its inner surface formed in the shape of a
cylindrical vessel with movable gear teeth 22 engaging
with the planetary gear on the inner diametric surface,
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and has output shaft 23 in the central part of the un-
opened surface side of this vessel element.

There is no need for movable inner gear 21 and out-
put shaft 23 to be formed as one body, but when mov-
able inner gear 21 and output shaft 23 are formed as one
body using plastic having sliding properties as shown in
F1G. 4, the following effect 1s obtained.

Prior movable inner gear 21 and output shaft 23 were
separate bodies, and when output shaft 23 was metal the
parts were costly because of such as machining with

double D cuts. It was also necessary to have subassem-
bly of movable inner gear 21 and output shaft 23, which

lead to decreased reliability. On the other hand, costs
are reduced and reliability increased by forming mov-
able inner gear 21 and output shaft 23 as a single body.
Further, providing holder cap cradle 24 as one body
stabilizes the rotation of the planetary unit at no in-
crease in cost, and gives higher efficiency and lower
noise. Still greater precision can be obtained by forming
this part with a uniform thickness in the range of 0.5 mm
to 2 mm, although this will vary depending on the over-
all size of the miniature reduction gear, and by furnish-
ing closing 34 in the central part of output shaft 23 and
holder cap cradle 24 as required.

The plastic that forms movable gear 21 as one body
may be something that is suitable for strength under
output torque, suitable plastics being those with carbon
fiber or whiskers blended in suitable amounts into poly-
acetal resin or polyamide resin, because their bending
strengths are greater than 2,000 kilograms per square
centimeter. Further, these resin materials will be used in
fixed inner gear 10 and planetary gear 12 as well as in
movable inner gear 21.

In this miniature reduction gear, parts that are formed
as single bodies with plastic having shding properties
are lower case 6, holder main body 16, holder cap 20
and upper case 26. The plastic materials to be used in
these parts are polyacetal resin, polyamide resin and
polyester resin given blends of such as carbon fiber,
whiskers, glass fiber and mica in suitable amounts, these
being suitable because of satisfactory strength and a
coefficient of friction lower than 0.2.

Polyamide type plastics containing filler or whiskers

‘and lubricant are particularly suitable for use because of

their high strength and low coefficient of friction.
When the filler or whisker content is 20 to 40% and the
lubricant content is 5 to 20%, the bending strength will
be 2,800 kilograms per square centimeter and the coeffi-
cient of expansion will be on the order of 0.1, so that
their use in the gears and holders will give miniature
reducing gear of particular high resistance to torque
and high efficiency.

Although plastic is suitable as a material for the parts
above, the use of other materials will affect the supen-
ornity of the present structure.

Planetary gear tooth part 13 has number of teeth t,
tooth part 14 has number of teeth r and tooth part 15 has
number of teeth s, and their modules or phases will vary
depending of the engagements with toothed part § of
sun gear 4, toothed part 11 of fixed inner gear 10 and
toothed part 22 of movable inner gear 21.

Consequently, when sun gear 4 rotates, planetary
gears 12 begin self-rotation and solar rotation because
fixed inner gear 10 does not move. When we take the
number of teeth of toothed part § of sun gear 4 as being
1 and the number of teeth of toothed part 11 of fixed
inner gaer 10 as being m, then the solar rotation of
planetary gear 12 will be one rotation in the portion
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(14 (tXm)/(rx1)) relative to one rotation of sun gear 4.
Also when the number of teeth of toothed part 22 of
movable inner gear 21 1s n, then the rotation of movable
inner gear 21 will be omne in the portion

(1/(1—-(sXm)/(r Xn)) relative to one solar rotation of 5

planetary gear 12.

Reduction
ratio={1+0Xm)/(rxD)/(1/(1 —(Xm)/(rxn))

This illustrates the fact that 1t is possible to adopt
many reduction ratios for the miniature planetary re-
duction mechanism. There are instances where there
will be negative values in the above, when output shaft
23 is in reverse rotation relative to sun gear 4.

Also, the output torque increases relative to the input

torque in proportion to the increase in the reduction
ratio.

Output torque=input torque X | reduction
 ratio| X transmission efficiency

In this manner, the rotation of solar gear 4 transmits
a torque that increases with rotation and is reduced by
movable inner gear 21 and output to output shaft 23.

FIG. 2 shows a plan view of the present example.
Although two planetary gears are shown in FIG. 2,
theoretically one would do as well, but 2 to 4 are
needed in consideration of balance of strength, so 3 1s
the most preferred. However, the the number of plane-
tary gears is not restricted by the above equations as to
the number of teeth on each gear.

In this manner, a large reduction ratio 1s achieved by
assembling a small number of gears. so that there 1s little
decrease in transmission efficiency because of engaging,
and transmission efficiency is high from input to output.
As a result, it is possible to create a large torque In
output shaft 23.

This shows that the peripheral part of output shaft 23
has the strength to withstand a large torque without
sticking, so that the planetary gear mechanism of the
present invention is fundamentally of a construction
that will withstand a large torque. That 1s, when the
output shaft torque transposes to toothed part 22 of the
movable inner gear, since there is a large diameter from
the center, the force received at the toothed part is
small. Also when there are plural planetary gears 12, the
force exerted on the gears is distributed in accordance
with the number of planetary gears 12. Further 1n re-
gard to the engagement ratio, while that in the outer

teeth is 1 to 1.5, the engagement of toothed part 22 of

the movable inner gear with toothed part 15 of the
planetary gears and the engagement of toothed part 14
of the planetary gears with toothed part 11 of the fixed
inner gear is larger at 2 to 3. Because of this, the load
received per one tooth of movable inner gear toothed
part 22, planetary gear toothed parts 15, planetary gear
toothed parts 14 and fixed inner gear toothed part 11
may be small, but in the last analysis a torque i1s achieved
that is 10 to 20 fold higher than conventional reduction
gears having the same order of size but engaging only
the outer gear. Using a high strength plastic in addition
to the above will give high reliability and lower cost.
Also, the planetary gears are 3-stage, so the relation
of planetary gear toothed part 13 with number of teeth
t engaging with sun gear 4 to planetary gear toothed
part 14 having number of teeth r engaging with fixed
inner gear 10 and with planetary toothed part 15 having
number of teeth s engaging with movable gear 21 1st>r
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or t>s. Because of this, the solar rotation speed of the
planetary gears can be suppressed to the lowest hmit,
and consequently it is possible to have low noise and
high efficiency. Use of plastic with a low coefficient of
friction gives still more decrease in noise and increase 1n
efficiency.

Further, there is little backlash because it 1s possible
to achieve a high reduction ratio by assembling a small
number of gears, and the miniature reduction gear costs
less because of the small number of parts.

Still further, the reduction mechanism has little notse
because lower case 6 and upper case 26 are closed
tightly, giving a miniature reduction gear that resists
entry of dust.

FIG. 5 shows an example that makes the construction
of the present invention still more effective. It has shd-
ing mechanism or one-way clutch mechanism S§1 be-
tween lower case 6 and fixed inner gear 10. The plane-
tary gear reduction mechanism of the present invention
creates a differential between the fixed inner gear and
the movable inner gear by the solar rotation of the
planetary gears, and the movable inner gear rotates
relative to the stationary fixed inner gear. When a shd-
ing mechanism is added between lower case 6 and fixed
inner gear 10 and an overload is applied to output shaft
23, the sliding mechanism starts to slide at above a cer-
tain torque. Priorly, although reduction mechanisms for
overload were used in miniature reduction gear and
sliding mechanisms were used to prevent damage In
other parts, with the present invention the sliding mech-
anism 1s added with almost no change in the outer
shape.

FIG. 6(a) shows another sliding mechanism method
where a space is furnished between lower case 6 and
fixed inner gear 10, O-ring 52 is inserted, and a torque 1S
made by a slight squeezing of the O-ring by lower case
6 and fixed inner gear 10. FIG. 6(b) shows a method of
making torque by pressing fixed inner gear 10 with
sheet spring 33.

Also, when the sliding mechanism 1s replaced with a
one-way clutch mechanism, the miniature reduction
gear is capable of producing rotation in only one direc-
tion on the output shaft. |

In regard to the one-way clutch mechanism, there 1s
the ratchet mechanism method as shown in FIG. 7(a)
and the spring clutch mechanism method as shown In
FIG. 7(b). The ratchet mechanism utilizes the springi-
ness of the plastic, and has a very low cost when formed
in one body, as well as low noise.

Following this invention as described above offers a
miniature reducing gear of low cost, giving high trans-
mission efficiency, little backlash, little noise and supe-
rior dustproofing, giving a greater reduction ratio with
fewer parts, and being sufficiently smaller than known
miniature reduction gears of the same type.

Also, miniature reduction gears following the present
invention and having sliding functions or one-way
clutch functions have few parts, are sufficiently mima-
turized and have low costs.

What is claimed 1is:

1. A miniature reduction gear comprising a sun gear
with 1 teeth; a fixed inner gear with a m teeth and a
movable inner gear having n teeth, said teeth being
concentric with the said sun gear, and at least one plane-
tary gear, said planetary gear being formed with an
upper shaft and a lower shaft, said planetary gear hav-
ing three sets of outer teeth thereon, a first set of outer
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teeth having t teeth engaging with the said sun gear, a
second set of outer teeth having r outer teeth engaging
with said fixed inner gear and a third set of outer teeth
having s outer teeth engaging with said movable inner
gear, in 2 manner that t>r and t>s, and forming a
planetary gear mechanism with said sun gear producing
an input and said movable inner gear produces output in
response thereto, an output shaft a holder main body
and holder caps that support the upper and lower shafts
of said at least one planetary gear, said holder main
body being concentric with said sun gear and supports
said sun gear, said holder caps forming holder cap cra-
dles concentrically formed with the output shaft and are
supported so as to give support to a portion of said sun
gear concentric with said holder cap.

2. The miniature reduction gear of claim 1 wherein
said planetary gears include central shafts and tooth
shape forming arms that exhibit a cross-shape when
viewed in cross section, said planetary gear being
formed with a closed hole provided as a blind hole in
the longitudinal direction in said central shaft, and said
first set of outer teeth being formed on said tooth shape
forming arms and engaging said sun gear.

3. The miniature reduction gear of claim 2 wherein
the average thickness of said planetary gear is 0.5 mm to
2 mm.

4. The miniature reduction gear of claim 1 further
comprising an element whose inner surface 1s formed 1n
the shape of a cylindrical vessel, the teeth of said mov-
able inner gear being formed on the inner diametric
surface of said element and engaging said planetary gear
and the output shaft is formed on the central part of a
closed surface side of the element so formed in the
shape of a vessel. |

5. The miniature reduction gear of claim 4 wherein
said moveable inner gear is formed with an output shaft
and an inset formed on the inside surface of said vessel
shaped element is oriented with said output shaft.

6. The miniature reduction gear of claim § wherein
said inset is a closed hole formed as a blind hole.

7. The miniature reduction gear of claim 6 wherein
the average thickness of said vessel shaped element 1is
0.5 mm to 2 mm.

8. The miniature reduction gear of claim § wherein
the average thickness of said vessel shaped element 1s
0.5 mm to 2 mm.

9. The miniature reduction gear of claim 2, wherein
the housing includes an upper case and a lower case,
and the upper case being attached by joining with a
paw] emerging from either one of said upper case and
said lower case. '

10. The miniature reduction gear of claim 9 a portion
of said housing that covers the planetary gear and a
portion of said housing that covers said fixed internal
gear are separate bodies.

11. The miniature reduction gear of claim 2 further
comprising a holder wherein said sun gear, said at least
one planetary gear, said fixed inner gear, the movable
inner gear and said holder are formed of a polyamide
type plastic containing filler or whiskers and lubricant.
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12. The miniature reduction gear of claim 11 wherein
said plastic contains 20% to 40% filler or whiskers and
5 to 20% lubricant.

13. A miniature reduction gear comprising a sun gear
with 1 teeth; a fixed inner gear with m teeth and a mov-
able inner gear having n teeth, said teeth being concen-
tric with said sun gear, and at least one planetary gear,
said planetary gear having three sets of outer teeth
thereon, a first set of outer teeth having t teeth engaging
with said sun gear, a second set of outer teeth having r
outer teeth engaging with said fixed inner gear and a
third set of outer teeth having s outer teeth engaging
with said movable inner gear, in a manner that t >r and
t>s, and forming a planetary gear mechanism with said
sun gear producing an input and said movable inner
gear producing an input in response thereto, a housing
adapted to house at least said planetary gear mecha-
nism, and a sliding mechanism disposed between said
fixed inner gear and said housing; said planetary gears
inciuding central shafts and tooth shape forming arms
that exhibit a cross-shape when viewed in cross section,
said planetary gear being formed with a closed hole
provided as a blind hole in the longitudinal direction in
said central shaft, and said first set of outer teeth being
formed on said tooth shape forming arms and engaging
said sun gear.

14. A miniature reduction gear comprising a sun gear
with 1 teeth; a fixed inner gear with m teeth and a mov-
able inner gear having n teeth, said teeth being concen-
tric with said sun gear, and at least one planetary gear,
said planetary gear having three sets of outer teeth
thereon, a first set of outer teeth having t teeth engaging
with said sun gear, a second set of outer teeth having r
outer teeth engaging with said fixed inner gear and a
third set of outer teeth having s outer teeth engaging
with said movable inner gear, in a manner that t>r and
t>s, and forming a planetary gear mechanism with said
sun gear producing an input and said movable inner
gear producing an output in response thereto, a housing
adapted to house at least said planetary gear mechanism
and a sliding mechanism disposed between said fixed
inner gear and said housing; said housing including an
upper case and a lower case, and the upper case being
attached by joining with a pawl emerging from either
one of said upper case and said lower case.

15. A miniature reduction gear comprising a sun gear
with 1 teeth; a fixed inner gear with m teeth and a mov-
able inner gear having n teeth said teeth being concen-
tric with the said sun gear, and at least one planetary
gear, said planetary gear having three sets of outer teeth
thereon, a first set of outer teeth having t teeth engaging
with the said sun gear, a second set of outer teeth having
r outer teeth engaging with said fixed inner gear and a
third set of outer teeth having s outer teeth engaging
with said movable inner gear, in a manner that t>r and
t>s, and forming a planetary gear mechanism with said
sun gear producing an input and said movable inner
gear producing an output in response thereto; a housing
adapted to house at least said planetary gear mecha-
nism, the housing including an upper case and a lower
case, and the upper case being attached by joining with
a pawl emerging from either said lower case and said
upper case, and a one-way clutch mechanism between

said fixed inner gear and said housing.
X % % % %
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